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Scavenging Activities of Reactive Oxygen and Nitrogen Species by
Junglans sinensis

Ji Cheon Jeong, Sung Min Bae, Hyeon Cheol Shin™

Department of Oriental Internal Medicine. College of Oriental Medicine, Dongguk University,
1:Department of Oriental Internal Medicine, College of Oriental Medicine, Daegu Hanny University

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are widely implicated in the aging process
and age-related diseases. The present study was carried out to investigate scavenging activities of Junglans sinensis
extract and its subfraction using fluorescent probes, DCF-DA, DAF-2 and DHR 123. Junglans sinensis was washed
and crushed. The crushed Junglans sinensis was extracted 3times, each time with 3 volumes of methyl alchol at 60°C
for 24 h. The extract was filtered and evaporated under a reduced pressure using a rotary evaporator to yield 16 g.
Scavenging activities of ONOO™ was measured by Kooy’ method and ROS was measured by DCFDA assay. Junglans
sinensis had the marked scavenging activites of ONOO", NO and - O;. Junglans sinensis scavenged ONOO" through
electron donation and dose-dependently inhibited the nitration of bovine serum albumin by ONOO". Junglans sinensis
also had ROS scavenging activity. Especially, ethylacetate fraction of Junglans sinensis showed the most effective
scavenging activities for ROS and RNS. These results suggest that Junglans sinensis might be developed as an
effective ROS and RNS scavenger. Therefore, Junglans sinensis might be used as a preventive agent for the aging
and relevant to aging of illness.
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1. A&
1) o

#ABk (uglans sinensis)E mirpollA] ASIH FEEslo A
[o] 5 1= 3
2) Aok

3-Morpholinosydnonine (SIN-1), DL-penicillamine® A]ZL
o} 318k 418 A} (ST. Louis, MO, USA)ol|4], dihydrorhodamine
123 (DHR 123)3} 2.7'- dichlorodihydrofiuorescein diacetate
(DCFDA)2 Molecular Probes (Eugene, OR, USA)ojl41 ONOO
£ Cayman Chemical Co. (Ann Arbor, MI, USA)ojlA]
4,5-diaminofluorescein (DAF-2)= Dai ichi Pure Chemical Co.
(Tokyo, Japan)oll 4] Fidle] AMSSIR
2. 4
1) BA A

Btk (Juglans sinensis) 200 g& ZA 241813 30 )
95% methanolE 7151 60ToA] SEOFE 4AI7H 3§ W=
ZE3)0] F5UL AT £5US ULOT WY & X
2 ol ool S11 UUEE7S AIBsIl ENA £2E
16g (= 8%)S o] Udol ZGT L& 4ol AMESH
Gt ke g 22 HeE HFEZ dichloromethane
(CHCl,), ethylacetate (EtOAc), buthanol (BuOH) %! 2(H.O)E
AMEZsld Zak AXRAIA AIBR AHESIN

2) ONOO- &3H

Kooy &9} ¢ 2bH el 913 ONOO AASES EH5IT) 96

well microplated] HtFEZEE F|6kL, 90 nM NaCl, 5 mM

KCl & 100 uM diethylenetriaminepenta acetic acid®} 10 uM
DHR 123& &+76k= sodium phosphate && (pH 74H)& 7}
St T12]al 10 pM ONOO™ E7ish &, H3 BT & 0]83id
excitation (500 nM)&} emission (536 nM)E &I CH
3) BEk: SPY

DCFDA assay®&2 844 S &3 —5} T} 99.9%9) olgts
o] 818t 125 mM DCFDAS} 33t 820 2815 600 U/ml
esteraseE -20Co stock solution@ & X{ 1515300, A8A] 10
uM  DCFDAS} 6  UfesteraseZ  Eg5k Eysh)
2',7-dichlorodihydrofluorescein (DCFH) EM& 22TollA] 208
2 IS % A8 RZM Qo WSRBEATE A8HY)
DCFDA7} esterase = 4F5LE 714REIE 2ol d1E &4
DCFHE goldgsiEm, DCFHE E44kho] o] 418kE of
7% g8E VERE 2,7 -dichlorofluorescein (DCF)0] 2,
excitation wavelength 485 nm Y emission wavelength 530 nm
oflA]  Fluorescence Microplate reader (FL 500, Bio-Tex
instruments) 2 Z£& 3194
4) NO =8

Solxol  NOY
(DAF2)= ARl 2719] ol]l7] Alolo] NOE ZEFGo,
490495 nm9 oJ7|EiEolA]  greend TAS wWEsh=
triazolofluoresceing WHEC}.  Dimethyl sulfoxide 550 p£o]l
DAF-2 1 mgo] =0t l= A& 50 mM phosphate buffer (pH
74HF 1400002 3M3K¥ct NO AE EZ9 sodium
nitroprusside (2 mM)&} DAF-2 (3.14 uM)E 96 well plateol} &
7Y3IACt g &2 Al71= DAF-20l Q3 ZEE NO2| ol 9J&E
$ict. DAF-29F NO9| Higol Q] HEye 32 08 &
HHETA (FL500, Bio TekADE 0| &8l 7|5}1A} 48581 &
7} 530 nmollA} E& kA
5) Protein nitration &&

Bovine serum albumin (BSA, 0.5 mg) 95 woll & A8
L B2 g0 25 uE EHUIBKY 420la] 1087} shaking
incubationgl %, ONOO™ (4 mM in 0.3 N NaCH) 25 (& &7}
’é‘PI/_ 205.7F 2L0lA] incubationA]Z3C}. Nitration B9H20] Tt
%, agarose geloll §17]8&3610d anti-nitrotyrosine antibodyE 0]

&30 proteinO] nitration® 2T E western blot2 E HESIHFCE

indicator®l  4,5-diamino  fluorescein

O['

=l
-

6) 3-Nitrotyrosine &%

M7} ONOOo 9%} tyrosine?] nitrationg A& 5H=X]<)
oFE olddl Vledy wdl wiet ZFsIct”. 03 N
NaOHol| &0} 9J= ONOO™ (500 uM) EMHo| HEZEY &
Aslol 100 uM tyrosineE H7ISHL AE B9 & 1 mlE 9
Tyrosinel} ONOO' Q] H1Soll 9]¢t 3-nitrotyrosine®] EHT &
A3IACE 430 nmoll A Q] peak AHMEZ S 3-nitrotyrosine?] 44
g Yrisit

7) ONOO'Q AA 714

Bkl 2hg 717 g B16171 f15kd ONOO'SE
g ol mig BEBEAE o1&l 51t 03 N NaOH
o] =0} U= ONOO (500 uM)ol #IHEEES 50 mM

pannala 9]
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phosphate buffer (pH 74)oll = H7istL, A& Hulzl 1471
HEE St 7 SUE SEe & 37TollA] 1417} ¢t shaking
incubationA]7] %, BZHZTA (Ultraspec 2000 UV-visible
spectrophotometer, Pharmacia- BiotechANE O]&35H] 190 nm
<} 600 nm &}o]Q] bAoAl HAGHL. ONOO™ ERSolA] Ak
FEE 98t AHEHY W= 430 nmolA] HHFIH, ol
nitration §+30] dojtSE Yrist
8) £ Az
4Y HH B2 7 g 119 BHX9 HeAlE
FAISHL 7} AT 719 794 AEE student t-testg 0] S5}

of EA Aelsiict

2 3

1. ONOO A)AH &kd

RS EEES 2,10, 50 pg/me RIS ZS 242} 45, 76, %6%
9] ONOO” MAHBE VERNA IC=551 pg/mie] Aot 88&
LIERHITE (Fig. 1). O] positive controlQ! penicillaminei}
A9l Hl=gt 24E LIERARICL

SIN-1ofl 9la WHEl= - 0,8 NOQ| 4% Ztgol a4
A== ONOOl théled #iskFEEE 2, 10, 50 pg/moA] 22t
51, 85, 98% 9] oA &4 (ICx=2.02 ug/m)S LIERHO], positive
controlQ! penicillamine (1.58 pg/ml)3t dlsst &4 LIERISL
CHFig. 2).
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Fig. 1. ONOO’ scavenging activity of Juglans sinensis. Each value is
the mean+SE. of triplicate measurements. . used as a positive control.
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Fig. 2. Effect of Juglans sinensis on SIN-1-derived ONOO
generation. Each value is the mean+SE. of triplicate measurements. lll used as
a positive control.

2. NO AAH &4

HIkSEE 2, 10, 50 pg/mlollA] 212} 50, 68, 75%2) MASE
LIERNS] 71& NO2Q| AAHAQ] carboxy-PTIO HLh= SSEAITH oy
& 4% NO MAHSE VERIRICE #igks ONOO # op el NO
T HASOEN ONOO- £8g dxg AR Alggrt (Fig. 3).
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Fig. 3. Effect of Juglans sinensis on sodium nitroprusside-induced
NO generation. Each value is the meanS.E. of triplicate measurements. Il
used as a positive control.

3. -0 AA 4

ONOOY] THE ATAMQl - Oy MAES HES 21, 2, 10,
50 pg/meollAl 237t 39, 79, 95%2] AA g4 VERIRITE J1E
9l - O AAFQ! troloxH k= aF6EAIRE, HlwE 23t XA &
A€ VeRiol 7 ONOO & NO®T oz}, - O & 2
3 MAES & 2= AACHFg. 4).
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Fig. 4. Effect of Juglans sinensis on SIN-1-derived - O, generation.

Each value is the mean+SE. of triplicate measurements. . used as a positive
control. \

4. ES4 AA 24

vt2A9) homogenatedl] BitFEES XATiSh & 3027+
Y40 AASE BES E3, 2, 10, 50 g/ noll A 27} 24,
36, 69%2] A7 4 LIERo] BAEE S Z2e Fish
€ Ve & & UATHFig. 5).
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il

5. ONOO MA 714

Bt oS N1H S Z ONOOE AAGHE 7ol thah A
EBIRICt. Tyrosine2 ONOO' 2} 8HE3HH 430 nmollA Zf &
#& VK& 3-nitrotyrosine(Fig. 6B)& 4TI} #iske ONOO
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7} B1S3lo) $gk 44 80] nitration] o] nitrod}EC] W EE7}
E AES A3, 430 nmolA EHEEE VXA F2EZE (Fig.
6C, D, E) #i#k7} nitrationE) K] 9£11, electron donationol] 23l
ONOO'E #MAHE 71sao] AAEATE. TEl 1 Fig. 6AA B

glo] ONOOT} Exj& 242 430 nmollA] peak”}
Y OL}, A7) tyrosineS M7V 22 430 nmollA] peak’} LIEL
LhH(Fig. 6B), Fig. 6F, G, HollA] HE0| HigE 212} 10, 25, 50
pg/ml B AR 8% 9EZHOF 3-nitrotyrosine?] peakz} A}
e o 4 Uck o)A Hbk M SHUHLE tyrosine?)
nitrationg AAEES ¢ &= Q1 31, 0]= electron donationo] 2]3H
AAES uisich
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Fig. 5. Effect of Juglans sinensis on total reactive oxygen species

generation. Each value is the mean+SE. of triplicate measurements, . , used
as a positive contro.
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Fig. 6. Interaction of Juglans sinensis with ONOO™ and its effect on
ONOO"-mediated 3-nitrotyrosine. A : ONOO™ (40 uM), Bt Tyrosine(40 uM)
with ONOO™ (40 uM), C : Juglans sinensis (10 wg/ml) with ONOQO™ (40 UM), D :
Juglans sinensis (25 wg/ml) with ONOO™ {40 uM), E : Juglans sinensis (50 ug/ wl)
with ONOO (40 uM), F : Tyrosine (40 uM), Jugians sinensis (10 ug/ ml) with ONOO
(40 UM), G : Tyrosine (40 uM), Juglans sinensis (25 we/ml) with ONOO™ (40 uM),
H : Tyrosine (40 UM), Juglans sinensis (50 ug/ml) with ONOO™ (40 uM). Each mixed
solution was incubated at 37°C with shaking for 1th and scanned between 190 and
600nm with spectrophotometric analysis. The spectrum of the peak displayed at
430nm reflects the formation of 3-nitrotyrosine.

6. albumin nitration X3} g}

Albumin®| tyrosine®] ONOO™®|| 23} nitration®]= & Lol
#7 njAls E8kg antinitrotyrosine BHRIE HWESIHC
ONOOo] 23l §5F albumin nitrationo| HHHEEE 10, 30,
90 pg/ml RElol Yok albumin®] tyrosine nitrationg & &
Hog A AAES & 4+ UAAUCE OlAS Bk} electron
donationol] 98] §3E 252 ONOO'ZE AAHECEMN albumin?]
nitrations A 3ld A8 AR} (Fig. 7).
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Fig. 7. Effect of Juglans sinensis on albumin nitration. Juglans sinensis
was added to BSA. The reaction samples were incubated with shaking at 25°C for
1h. After ONOQ™ was added, all samples were further incubated with shaking at
25°C for 30 min.

7. ONOO A &4 2& a4

HkEEES CHCl, EtOAc, BuOH 4 H,0 £0F 22
3lol 7} REEE ONOO AASS HES Zi MeOH,
CH,Cl, EtOAc, BuOH, H,O £o| Z+2} 90, 54, 95, 89, 76% Al
g4e Ukl EtOAc Z0] 71 Z8h 242 JERITh
(Table 1).

ol 7t 29 a4t AYo nlAlE
A1}, MeOH, CH,Cl,, EtOAc, BuOH, H:0 o] z}z}
59, 42%9] E&MAA A oA S8e Uehiol 8444
HAE QoIME EtOAc Balo| zker 842 Uehlio] g4 4
ol £Z EtOAc B2lol] o=l AUS 7sde
(Table 2).
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Table 1. Effect of Juglans sinensis on Peroxynitrite Scavenging
Activity

sample (f.c) inhibition %

MeOH (10 ug/mi) 9002+1.19
CHxClz (5 ug/mb 5354199
EtOAC (5 ug/ml) 95.1420.36
BuOH (5 ug/ml) 8940081
H:O (6 ug/ml) 7552+048
Penicillaminea (10 ug/mi) 65974194

Each value is the meanzSE. of triplicate measurements. &, used as a positive control.

8. EtOAc 239 ONOO % ROS HAH &4
S SE9] EtOAc B2 2, 10 1 50 ug/miolA] ONOO
ol ROSE L A&EHOZ AAES & + UAXTE OJAS Bk

9] EtOAc H& %o EXldke phenold EEE0] ONOO™ B

o=
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Table 2. Effect of Juglans sinensis on Total ROS Scavenging
Activity.

sample (ic) inhibition %
MeOH (10 ug/mb) 60.76+345
CH:Cl2 (5 ug/mb) 8.04+164
EtOAC (5 ug/mi) 7427156
BUOH (5 ug/ml) 50.32+0.88

H:0 (5 ug/mi) 4169+206
Troloxa {10 ug/mi) 3993£5.16

Each value Is the meantSE. of triplicate measurements. a, used as a positive control.

o g s
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H 110
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Fig. 8. Effect of Juglans sinensis EtOAc fraction on ONOQ". Each
value is the meanzSE. of triplicate measurements. I used as a positive control,

Qicyhns shamay
Eiab-

InniLition %
-
o

[.6 [
soncentration ig /ndl

Fig. 9. Effect of Juglans sinensis EtOAc fraction on ROS scavenging
activity. Each value is the mean=SE. of triplicate measurements. . used as a
positive control.
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GAFIEH 2 71HeE SH7I9 48], AE4Es] DNA, thilEe
VEZS 58 € 4 U} “Inflammation Hypothesis of Aging”ol]
oak k3 HHolM HE nk2o] A&EHOE YoHOEH
COX-2, NADPH oxidase, XODoil 9IgF 2H44b40] 484 £719}
iNOS FEofl UE NO2Q thi 44Jo] ONOO Hee U E7M]
SRS I,
UEY oA
VERE off &
. WA, 2|3
DNA9| 413lel IEZ S g &3l AHZ29 o],
d4od 27 Aol U guanylate cyclase®] A=, tyrosine®] LUE
E3} Qo lysine, arginine, histidine Zr& oha|lz419] HY,
thiol, thioether 2} O1Jg} peptide, THHZA 9] methionine 7]
Aral 2 XA sl R0l Qg M 54 Sl gojoitt &
st o EE=EorY] $F A, Azt Bx oz, GSHS 1,
ADP ribosyl transferase®] £ 35}E Q18 DNA £2F 21 A off
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4o MHE YOA MEAE FUBITIL P, o]9}go]
ONOO&= =3 Ay Ent oh gl teld g 58 iy Q
QICE FHUIL Qe i Atgldo] Zish uield S EZiolrt
kel ONOO'E AAsH: 58 & ONOOS} ZolchA Hi
Sk 88 probeg U= DHR 123Z ol&slo] £ 2, #
FFEES ONOO AAHE A& 3] MAE #ulk oh izl SIN-10)
= - 079 NOdll 9Jall THEo A= ONOO™of tholiAd
- 0; 8 NO9| #|
HESH A3, ks - 0,9 NOE 25 AAskE
S LIERNICE o]E #Bte ONOO™ ox5ol ONOO'E AH
MAskE g4t ozl - 0,9 NOE 27 AlAslke 58k
ZIA e ALE AlREr) 229 AT ol 95HH sk
7F HgClh 7% SE4RH T 204 eiiglE g ViEhio]
ARS 836k &Ro) itk Busiyrt?. ol 2 d79
ke - Oy AAEH FARSE 2L AIEETE
ik Sole
tannin, exelsin, lugron, linoleino] SFE|0} QA L™, A QHiRk &
o= juglone, juglanin (kaempferol-arabinoside)o] %ol @1
oh RS} TP A E e flavonoidE2] ONOO™ AlA
240l tElde Be TR AT
Flavonoidsi= I}, AMAFo] 56| Ex1d aibgl &
= B0 AA ZE, HolFE MY chelating W &4 4kA
goole E4E Aolisks AR Hedte ¢ Uk ONOO
thSh Bt 22
flavonol2 FXXHOE 2709 pharmacophore (ring B
catechol®) OH groupo] & Q8}1, ring A-Col|A= 3-OHOl 53
SIEHZ 7HIch Flavonols Zol4] EGCG, EC, GCG, EGC,
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feliad!
#l

gallate ester (GE)= chain-breaking antioxidantZA{ AHg
LDLY 41315 9AIGIT 484, AEY radicals 2%
ohjzt ONOO| ot UERSIE ZHAAl7]AL LDLY surface
charge alterationg Ak, & ES polyphenol®] SHigls
o] FxHQ BEAE wiglon, mxli £&8F EGCG Y GCG
7} AFE AR NHOE 2 #84S VIR,
Flavonoids ZollA] quercetino]| Z}ed3} SHALSIA 2 AHE5H=
vl ol dugg @wdt thEzel  ebselen[2-phenyl-1,2-
benzisoselenazol-3-(2H)-one] T H] W3l & wj 1008 BT &41tg}
Ztgo] Zslkn B 1akir)Y. Flavonoid?] ONOO 47 &S
LDL 4igtE d@ixjola AAEEe] dHEE AcKTIER
flavonoid®] 4% 7} A€ EA 23 WHEN A9 HBBATE U
22 AABIAEY?. oAl Z2EF caffeic acidE &2 ONOO
AASE B0 BSAS LDLO] ONOO oAl LUEESIE & A
S utom, #ititollA] &% chlorogenic acide ONOOE &
& AASE 2SS V. Hydroxycinnamate= %4>, I}

g B ExioiH, tiEEel H4E2E monohydroxamatesQ!

—

ferulic acid®} coumaric acid7} Q)3 catecholates@! caffeic acid
@} chlorogenic acids7}t QIT}. Ol 25 ONOOE AF AA
Skl ONOO©l 28] %= nitrotyrosine A4& URYTY.
Monohydroxamtese ONOOE HAHsh= HEoA] Aol A8
UEZSE catecholates =4 ZOAE ZESTHIL UeH
UTFY. oldlolla] LS HIGH Zo| A E HEE HEE ol
flavonoid 5011} phenold HEE0] Z¢ ONOO™ AA &y &
4t AASE VERE RALR Algdrh

g4, da AASE LIEM
2} phenold tannin EZol2tE A2 & YedA UCH, #tk &
9] flavonoid®! kaempferol FEAL phenoldQl  tannino]
ONOO AMA gdol FH d&g slzleh 4zt

12l #ipke] ONOO HA 71:1E dESH 23 ONOO A
HAJ electron donationol]l QldlA] ONOOE A HBIEIEF AIEE]
Qrt ES ONOOO| <& albumin THEEQ  tyrosine?)
nitration HEE nitrotyrosine &M E HAESH B, ﬁﬂﬁﬁﬁ%%
Aelol 9all ThEE nitritiono] $A3] AME S & = UATE
olE WitkEEE0] Z2YsH ONOO'E AAHSIE AlZ F+H4E
Ql XS B35 &2 o 4 Utk

kel YRR ZESY] Ysid 28 ONOO HAsS
ZAGE 3} BOACERE] 84 J29] 77t 7IehElL), o] 222
ZHE tiEjE SEE2 YoM itk SR2EE HEE kaempferol

FEALL phenold REAEC FHEY ALE F5ETE

= B2 4 EE0] flavonoid

olyol uE AWE Hob Hiks B I 5, gy
Akeo} BEEA (NO, ONOO)E EHHOE AAsI] g4t
&Aool BUE LT W koM T8 oY R A6
=l 599 dge B ROR MBS
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